The Vision for Space Exploration challenges us to extend our presence across the Solar System. As we work to overcome the many technical obstacles to achieving this vision, it becomes clear that the ready availability of water will encourage self-sustaining human exploration and make space hospitable more than perhaps any other single resource. Cornell University's On-Orbit Aqueduct for Supply In-Situ (OASIS) addresses this issue by providing the most basic but essential resource for life: water. This paper describes a robust, durable, sustainable, and autonomous system, which is capable of both storing and dispensing water for decades. This architecture is based on using existing launch capabilities, and in fact unused space on current manifests, to launch water into usable orbits consistent with the Vision for Space Exploration. Its design emphasizes economic viability, human safety, and failure robustness.
I. Introduction he go
OASIS mission is built on the concept of using existing, excess launch capacity on commercial or vernment launch vehicles to boost containers of water into Earth orbit and beyond. This paper identifies the orbital configurations and launch operation concepts based on future manned-spaceflight needs and allocates appropriate subsystem requirements. We propose cost estimates for Low Earth Orbit water-supply missions, as well as for efforts to supply water for NASA's upcoming lunar-colonization efforts 1 , all with the intent of suggesting the financial feasibility of this approach.
T
Our design emphasizes two major technical elements: the OASIS tank's structural design and scenarios for launch and orbital mechanics. The overall systems architecture is presented in this paper, as are top-level designtrade studies, structural requirements, and a survey of different subsystem technologies' readiness to manage the water resources in an operational context. This paper also discusses the economics of long-term mission scenarios that emphasize low-cost efficient storage of water.
The OASIS tank is comprised of three distinct subsystems: (1) a guidance and navigation subsystem, which provides propulsion and attitude control to regulate the tank's position and orientation relative to the user-specified orbital and attitude target, (2) a dispensing subsystem, which adapts to the end user's configuration to transfer water to the user's main storage bay, and (3) a command and data handling subsystem, which executes all the waterdispensing functions, interprets operational commands via a high-level interface 2 . The OASIS architecture offers an opportunity for in-orbit supply of a critical resource for manned space exploration for modest cost, using high technology-readiness solutions. Our preliminary results confirm that establishing a readily available source of water both in Earth orbit and on the lunar surface can be accomplished.
II. System Requirements
The OASIS shall provide water resources to a variety of users. Accordingly, the OASIS design shall address varied, and sometimes conflicting, requirements; including commercial, research, defense, and human exploration requirements. A number of adaptive subsystems interact to create this complex, but cohesive system. Figure 1 is a functional block diagram of OASIS. With the monitoring and control of the Ground Missions Operation Center (GMOC) the autonomous tank shall continue its mission until activated by a request for dispatch from a user. If the request is authenticated, water will be dispatched from the storage system.
Figure 1. OASIS Top-level Context Diagram

A. Subsystem Definition and Requirements
The following requirements flowdown and subsystem definition is an overview of the OASIS mission's toplevel requirements. We have defined functional requirements and evaluated scenarios for the OASIS main subsystems, physical characteristics, and mission operations guidelines.
Main System Board:
The main system board shall be the central computer of the OASIS in which all the information is processed and decision algorithms run. The main system board also commands other OASIS subsystems as to trajectory or dispatch. When installed, maintained, and accessed in space the main system board shall provide ready access to a test, reprogramming, and instrumentation interface which meets the requirements of a remote terminal.
Control and Attitude Determination System (CADS):
The CADS shall be the subsystem that controls the altitude, position and velocity given the pertinent information from the main system board 3 . The CADS shall meet all stability and pointing requirements, collect and provide accurate attitude and attitude rate data in all phases of the mission.
Line Replaceable Units (LRUs):
Line replaceable units are OASIS subsystem/components that can be replaced on the line (if such case is needed) before launch or during orbital maintenance, e.g., on the OASIS launch pad or servicing missions 4 . As a requirement, All LRUs shall be designed to allow unambiguous installation and assure proper orientation with respect to the OASIS main axes. LRUs mounted internally shall further utilize quickdisconnect captive fasteners.
Cooling System:
The cooling system shall monitor and regulate temperature inside the OASIS, specifically the electronics of the tank. The thermal interface, as well as the heat-dissipation methods applied for the OASIS shall be chosen to regulate temperature variances in the OASIS tank as well as the thermal impacts to other subsystems.
Electrical Power Subsystem:
The power system shall collect and maintain the flow of electric current in the OASIS. A primary battery shall be used for the active mode stage and a secondary/rechargeable battery will be used for the dispatch mode stage.
COMM-Link:
The communication subsystem shall be the connection between the GMOC and the OASIS providing a medium in which mission critical information is being passed between the uplink and downlink. The structural subsystem configuration shall minimize any external structure blockage of the OASIS COMM-Link coverage.
Propulsion System:
The propulsion system shall be a collection of thrusters available to steer and stabilize the OASIS. The subsystem shall be activated by the CADS and will be run at a variety of mission operations. The attitude-control requirements for OASIS are minimal; and, in fact, during long periods of storage, active control may be completely disabled.
Dispatch System:
The dispatch system shall be the main interface with the human or non-human user. The subsystem shall dispense the appropriate amount of water as authenticated by the main system board.
Storage System:
The storage system shall hold and maintain the existing supply of water by providing the adequate environment to preserve it natural properties. The system shall have the capability to store water in both solid and liquid forms. An appropriate volume of water shall be given to the dispatch system in the event a user requests such a volume.
External Structure:
The external structure shall be the protective element of the internal subsystems of the OASIS. The external structure shall protect the OASIS from radiation, impact and other external factors.
B. Physical and Environmental Characteristics
The arrangement of the equipment for the OASIS shall maintain a center of mass (CM) within limits throughout all phases of the mission. The CM shall be within limits required to meet the mission. The tank shall not exceed a total mass of 6700 kg. This total conforms to the limits set forth by launch-vehicle payload maximum specifications discussed in a subsequent section. Furthermore, the OASIS shall have sufficient structural integrity to insure optimum system performance in its operating environment over its service life. Additional physical characteristics requirements include:
1. Environmental, Safety, and Health: The OASIS shall have no capability to injure or put into danger a human or ability to damage any other external system 5 . Also, the shielding subsystem shall be able to withstand particle radiation by solar and ion-based sources. Equipment shall be designed and constructed to prevent injury to personnel and equipment during installation, test, operation, maintenance, and repair.
Supportability:
The Mean Time Between Critical Failures (MTBCF) for the OASIS shall be no less than five years. As a goal, the MTBCF should be greater than eight years. The concept of MTBCF used in these requirements refers to the average time between all hardware and software critical failures occurring during mission and non-mission time. Critical failures occur when mission-essential systems become inoperable or operate outside their specified range of performance. Another factor to consider is the Mean Repair Time (MRT). MRT as used in this paper means the total on-equipment repair time to return the integrated system to full operational capability. Repairs shall be done by either a human or a non-human (robotic). The MRT shall not exceed 2.0 hours in outer space. Additional support equipment (SE) selection shall maximize the use of existing SE and the use of commercial, off-the-shelf items. The variety and number of special tools and test equipment required to maintain the equipment shall be held to a minimum. All integrated OASIS components shall be repairable if an event of a malfunction might occur. Ease of access for inspection and removal/replacement shall be taken into consideration in the structure of the system. There shall be minimal maintenance personnel involved in the repair. In an event of a malfunction, astronauts or robots shall be directed via a communication link from the ground station to resolve the problem.
Space and Launch Environment:
The OASIS shall be designed and constructed to resist any individual or probable combination of the demands without mechanical or electrical damage or performance degradation. Moreover, the OASIS shall withstand natural space radiation; specifically, enhanced radiation from nuclear bursts to minimize single event upsets 6 . Additional scenarios should further be considered, including debris mitigation methods after its projected lifetime to ensure that space activities will not continue to litter our near-Earth environment with more derelict hardware. The OASIS design team shall further determine failure, damage and impact conditions causing failure and damage, as well as the likelihood of failure from unmanageable debris hazard scenarios. To meet this objective, the OASIS design team shall particularly integrate debris awareness into all phases of the OASIS tank design process. Finally, the OASIS shall be capable of withstanding solar and interstellar radiation (25 years without considerable degraded performance), as well as launch vibration.
C. Oasis Mission Operational Modes
The OASIS shall have several modes of operation: active mode, passive mode and dispatch mode 7 . The active mode refers to the active communication with the operations center, through which data or customer requests will be uplinked into the OASIS. Also this mode is present when a maintenance request is needed to be made by the OASIS. The passive mode occurs when the tank is not in need of any communication with either customers or the operations center. Finally, the dispatch mode occurs when a request to dispatch water is received by the OASIS following an active mode communication link from the GMOC. The dispatch mode thread is shown in Figure 2 . The C3 consists of several components: ground stations for space connectivity, communication elements, and the flow of data to-and-from OASIS. 8 The C3 functions include: mission planning, customer request loading, anomaly resolution, monitoring and over all support of the active system.
III. OASIS Tank Structural, Scaling and Project Resourcing
A. External Tank Structure Analysis
A trade study was performed in order to determine which external tank structure or shape would be most efficient for this design. The four candidate structures considered are the cylinder, rectangular prism, torus, and sphere. The primary attributes (F i ) in ranking these structures are ease of use, durability, reliability, expandability, storage capacity, and manufacturability:
1. Reliability: This attribute was determined simply by using the capability of water acting as a radiation shield for the electronics.
Expandability:
The most significant attribute for determining value of expandability for each structure was the ability to change missions due to the inherent nature of our objective. The major issue here was the ability to endure a crash-landing mission.
3. Storage Capacity: Storage capacity is described as the volume of water the i th structure could hold if constrained to fit in a 1.0 m 3 cube. The following is an example of this calculation for the torus:
where R is the radius from center of torus to center of tube, and r is the radius of tube (half its thickness). For our example (cube of 1 m 3 ), R=1/3 and r=1/6.
Manufacturability:
Manufacturing feasibility and cost are similarly important. For instance, the torus is complex and requires "smart" assembly design. Spheres are normally hard to produce; however, an approximate sphere is probably acceptable for the purposes of the OASIS mission.
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Durability:
Surface area is the least implicit design attribute. The original values are scaled so that the lowest number is in fact the "most" optimal structure. The reason for this is because the more surface area, the more susceptible to space environment damage (e.g. from micrometeorites).
The primary attributes are then broken up into sub-attributes, as seen in Table 1 . In addition, the weights (W i ) given to each primary attribute and every sub-attribute have been determined by the members of the group using a systematic method in which each member of the OASIS design team privately provided a value for each weight ranging from 0 to 1. The final weights are the arithmetic averages of each of the team members' values. The final score for each shape is determined by the following equation:
Similarly, the sub-score of each structure is determined using the same method. Sub-scores are normalized so that the score for each attribute ranges from 1-10, with ten being the most "optimal" structure. The description of the sub-attributes contributing to the scores of each primary attribute can be found from reviewing the launch system trade study (Table 3) . This analysis provides a qualitative approach to score a selected group of tank shapes.
The results of the trade study suggest that a cylinder is the best choice. The torus shape scores low on accessibility to the water; since a tap or tube would be required to obtain the water. In addition, the torus would be difficult to adapt to the launch-vehicle fairing because of its complex shape and structure. The sphere scores relatively low on accessibility as well, since when in orbit, the water shall remain frozen and the shape of a sphere would require that the water be melted before it can be extracted from the tank. Although many propulsion tanks are standard in spacecraft today, an adapter ring would be required to support it in the LV fairing. The cylinder is the most efficient in choice for storing unpressurized liquid because it is a very common shape and can match the geometry of the LV fairing if it were the sole article to be launched. The rectangular prism would not efficiently use the fairing's volume, although it might be easier to integrate if the OASIS tank were one of several payloads integrated in the fairing. The accessibility of the water is weighted highest since adaptability to the LV fairing can be adjusted somewhat using mechanical fittings and standoffs at the cost of some usable volume. Therefore, the cylinder's greater score in accessibility makes it the preferred option.
B. Water/Resource Loading and Costing
Current recycling processes being used today in space suggest that launching water will not be as expensive as it could be. Not all water launched is consumed or expended; some is recycled. It costs around $10 -$20 K per pound to launch into space. Moreover, astronauts require on average 0.4 gal of water each day (consumed) and an additional 7.2 gal for other needs 9 . So, in the absence of recycling, a 1000 day mission to Mars would require 7729 gallons per person. One gallon of water is about 8.3 lbs; accordingly it would cost about $144,000,000 to launch all of the necessary water. Another approach derives an estimate from the human body's basic metabolic rate (approximately 1700 kcal or 1700 fl. oz.) which yielded a cost estimate of $4,650/day. The total cost for a group of four astronauts would therefore be $190 million.
The program-level requirement is that after the initial launch, the OASIS will maintain itself for long enough to sustain 4 crew members for about 25 years, given current recycling capabilities. For simplicity in the water loading model, an average of 97.5% recycle efficiency was used. Therefore, the model for water loading assumes a decay rate of 2.5%. The objective is to be able to provide the crew with the minimum amount of water needed, 3000 gallons (~20,000 kg), at the end of the 25 year system life. The following equation is used to determine the initial amount of water to be launched: , where, Y 0 is the initial amount of water; r is the decay rate (2.5%). Thus, the model is a first-order ordinary differential equation.
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C. Dimensions and Material Determination
Three materials were considered for the tank structure: aluminum, titanium and carbon-fiber composites. A trade study was performed in order to determine which material best meets the requirements. Cost and weight were the two most important categories; however, fatigue resistance was considered as well. Fatigue is less of a driver, however, since except for the launch environment, the mission does not place high stress on the structure 10 . As seen from the trade study, aluminum is the most practical primary material for the OASIS mission. Further studies could be done to determine corrosion effects of water on either the bladder or the inside of the tank; however, the bladders should help to contain the water and help to prevent corrosion 11 . The aluminum alloy 6061 has a mass density of 2700 kg/m3, 1700 kg/m3 more than water. Thus, determining the actual dimensions of the tank is an iterative process in which the structure of the tank is minimized subject to the loads and the required mass of the water in an effort to limit the number of launches required to get all of the ~20,000 kg (as presented in Table 1 ) of water into orbit. 
Figure 3. Restraints and Loads
The total mass of the OASIS tank and water payload for a dedicated launch is approximately 5800 kg. With an upper limit of 6700 kg for Soyuz launch to LEO, the remaining margin is meant for bus subsystems (such as electronics and thrusters). The water per tank suggests that six dedicated launches will be required to place the initial amount of water required into orbit. A smaller tank design, with far more launches, is likely a more economically viable option. In this case, considerable efficiency is lost because the bus subsystems comprise a larger fraction of the total compared to the payload; nevertheless, the mass efficiency is irrelevant if the overall cost is minimized through the use of opportunities for secondary launch payloads.
D. Internal Design
The internal components of the tank for a dedicated launch have been designed using SolidWorks 2004. Instead of creating a trade study or performing a stress analysis, the internal structure of the tank is designed with ergonomic principles. The tank is relatively large (with a height of 2 m, and a diameter of 2.5m); hence in order to allow for easy accessibility to specific portions of the water, the internal structure splits up the water into smaller volumes. The plan is to fit the OASIS interior with bladders to contain the water. Although some volume would be lost to these bladders, this design allows users to reach into the tank and pull out individual bladders as needed. Another advantage of this method is that if the water remains frozen, there would be no de-icing necessary: frozen or not, all water would be contained within the bladders, not clinging to the sides of the tank. Therefore, no thermal control system is needed to maintain either a liquid or solid in inside of the tank. It is preferred, however, that the water be kept frozen during launch to mitigate fuel-slosh interactions with the launch-vehicle reaction-control system. The constraint conditions are the same for both the static load analysis and the dynamic analysis: the bottom face of the tank is taken to be fixed rigidly to the launch vehicle so that there was no relative translation or rotation of the bottom part of the tank. This simplification would be relaxed for coupled-loads analysis with detailed structural models of the launch-vehicle and the payload; here, the simplification is merely meant to help the preliminary tank design move forward.
Static Analysis:
The first analysis comprises a static loading condition, with a force of approximately 3 g. The tank was modeled without the water. This is an acceptable approximation since ice water would not exaggerate any stress concentrations further. If the bladders are packed tight enough the same effect will occur. In other words, the factor of safety (FOS) resulting from this analysis suggests that this is close enough to the worst case scenario where the tank will be safe from any permanent deformation. The actual stress condition experienced by the tank (Fig. 3) is more of a distributed force or pressure within the structural material. The constraints as mentioned above fix the bottom face.
The assembled parts in the CAD model were set as "bonded". The mesh size used is an average element size of 108.4 mm by 5.42 mm with 25,701 nodes and 13,519 elements (shown in Figure 4) . Finally, the Von Mises Stress was the criteria used in determining if the structure would fail (exceed the material yield stress). An FOS of 1.5 is implemented here.
Stress Distribution:
The stress concentrations where observed at the bottom of the tank where the internal structural supports meet the bottom of the tank ( Figure 5 ). However, stress concentrations can be minimized by simply filleting all of the edges of the tank, as shown in Figure 6 . The maximum stress seen by the tank is 195,149 N/m2 where the yield strength of the material (Al 6061) is 5.515 e7 which gives a minimum FOS of about 283. There is some room for improvement since the Factor of Safety is so high; however, this might seem fair in that certain loads were neglected as stated earlier for simplification for the conceptual design.
The displacements for this static analysis are on the order of 10 -7 . Another important note is that the lid experiences forces that bend the handle around the supports. Although this handle might seem a bit more complex than ideal, the reason the handle is formed in such as way is because without the necessary number of structural supports, the handle deforms too much. In addition, the handle could be placed in the center of the top; however, this would not be ergonomically satisfactory given the large diameter. This way the astronaut or customer can simply lift the lid from the edge and reach into the tank and obtain the water as needed. 
Frequency Analysis:
The objective of this analysis is to determine if the deflections of the tank during launch would create interference with the LV fairing. Simulation 1 analyzes normal modes of vibration. The worst-case scenario in this analysis and the respective displacement distribution can be seen on Figure 7 . The amount of displacement is on the order of 2.8 cm. This deflection is acceptable because the OASIS structure is designed for a generic LV fairing diameter of 2.0 meters. The natural frequencies which cause maximum displacement (modes) of the tank in the second scenario (frozen H 2 0) are listed in Table 2 .
The analysis was not performed using a scenario in which the water is liquid. However, if the water is packed tight enough within the bladders and the tank, the water could be assumed to be incompressible and therefore have American Institute of Aeronautics and Astronautics similar results. Still, if the water is indeed able to slosh at all, the displacements would be damped out and there is no need to worry about the tank hitting the sides of the LV. However, the modes would occur at different frequencies than the case of the frozen water. This analysis could be performed using a more advanced FEM program such as ANSYS; however, it is not necessary unless the displacements showed potential critical lateral movement. Once again, the use of liquid water is not recommended; solid water will make launch-vehicle integration easier and will eliminate concerns about control/slosh interaction. 
IV. Launch Systems Analysis
Deciding on a launch system for the OASIS is a multidisciplinary task that considers many factors. The approach of choice for this task has been to perform a trade study, evaluating and weighting all of the most important characteristics required for the OASIS system. The characteristics to be evaluated are split up into four categories: dimensional issues, cost issues, availability issues, and Technology Readiness Level (TRL). Each issue described here is independent of the other three and must be considered as such.
A. GTO vs. LEO
There is a distinct difference in available systems for a Geo-synchronous Transfer Orbit (GTO) launch and a Low Earth Orbit (LEO) launch. Some launch systems are actually designed for either GTO or LEO only and cannot be considered for the other. More commonly, due to the larger fuel stores required and the greater amount of thrust, the main differences between the two launches is GTO launches are more expensive and carry less mass. For these reasons, systems for each of these launch types could not be directly compared to each other resulting in the American Institute of Aeronautics and Astronautics necessity for performing a trade study for each. However, though direct comparison is not possible, the same characteristics are important for each type of launch, allowing the creation of one set of weights that can be applied to both types. The weights are listed in Table 3 . Each weight selected is the result of an agreed-upon average by all OASIS design team members.
B. Dimensional Considerations
The main issues in deciding the appropriate dimensions are how much space does each system offer and how much mass can the OASIS carry. Each one of these aspects is independent of the others (i.e. the system with the greatest height of the payload fairing may not have the greatest volume or mass capacity).
The payload mass is the most important of these aspects. The weight of the aluminum structure and the great mass of the water itself severely limits which launch systems are even able to carry the OASIS. Nearly as important as payload mass is the diameter of the launch system. This importance is due to a scalability issue: it is far simpler to vary the height of the system by stacking, while it is far more difficult to alter the diameter, necessitating its greater weight in the trade study. Total volume is the next aspect of value, though seemingly very important. Few launch systems are unable to carry the volume required for the OASIS.
C. Cost Considerations
The next category is the cost issues for each launch system. Broken down further, the three cost issues to be evaluated are overall costs, cost per volume, and cost per mass 12 . Though overall cost is of great importance, the value of each dollar spent is also important. In this regard, each launch system is also evaluated for the cost per kg of payload and the cost per meter cubed of volume in the fairing. With some cost being based in fixed values (cost of launch pad time, the structure itself, etc) some of the most inexpensive seeming systems were actually some of the most expensive per mass and volume 13 . The Pegasus system, for example, costs only $14 million to launch, but with a volume of only 2.5m 3 , the cost per volume is close to $6,000,000 as opposed to only about $400,000 for the Atlas V Heavy system 14 . The same is true for the mass ratio. As discussed before, mass considerations are of greater importance than volume, though not by much, so the weight for cost per mass in the trade study is slightly greater than for cost per volume. All trade study weights discussed can be seen in the Table 3 . 
D. Availability Considerations
Availability issues deal with two distinct concerns: the number of launches per year for the system and the overall reliability of the system. In the OASIS system, we are launching water stores into space, which are of great importance for human sustainability, so a system must be found that allows for as frequent of launches as possible. Also, the more launches there are the greater the chance of finding a scheduled launch with dual payload availability, discussed later on. The values used for the launches per year were taken from an average of the number of launches for the system over the past 5 years, provided by the AST-FAA annual reports. Reliability was also evaluated over the same period. Both frequency of launches and reliability are considered to be of equal importance and have equal weights in the final trade study.
E. Technology Readiness Level
The majority of launch systems evaluated for OASIS were of TRL 9, having been launched successfully for many years. A few of the newer systems evaluated were only at TRL 8 due to only being launched within the last few years and not yet displaying the maturity to attain a level of 9. Once again, the one exception is the Falcon systems, which have not yet launched giving it a TRL 6. Due to the sweeping range of implications and that it is a trade study on its own, the Technology readiness level was evaluated separately from the other weights, and then assigned 20% of the total for the entire launch system trade study.
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V. Launch Vehicle Selection
Based on the Launch Vehicle Trade Study, the best fit launch system for an LEO launch of the OASIS system is the Soyuz Launch Vehicle. In the trade methodology discussed here, this system attained a rating of just over 84/100. The key to the Soyuz system selection is its relatively low cost to payload size ratio along with its high reliability rating, TRL, and its superior launch rate or frequency 15 . The system is also robust enough to handle the relatively large payload mass of the aluminum structure and water volume required for the OASIS system, effectively eliminating many of the smaller less-expensive launch vehicles.
A. The Soyuz and Starsem Launch Vehicle
The Soyuz launch system is a three-stage rocket. The first stage consists of 4 liquid fuel boosters arranged around the central core. These boosters contain RD-107A engines powered by liquid oxygen/kerosene propellant. The propellant tanks are pressurized using liquid nitrogen and fed into the combustion chambers using a turbo-pump running off gases generated by the catalytic decomposition of H2O2 in a gas generator. The second stage is the central core, operating similarly to the first stage boosters with RD-108A engines. This stage ignites on the ground with the first stage boosters, but continues to operate once the first stage boosters shut down and are released. The third stage uses the RD-124 engine and ignites 2 seconds before the release of the second stage at a predetermined velocity depending on the orbit desired. This final stage also uses kerosene and liquid oxygen for fuel, though the arrangement is different. The engines on the third stage are primarily for attitude control and orbital stabilization of the payload fairing. 
B. S/T Payload Fairing
The S/T payload fairing is the largest and most robust of the fairings available for the Soyuz rocket. The outer diameter of the fairing is just over 4000mm wide with a height of over 11000mm. The fairing is split into two halves, each made of carbon fiber reinforced plastic, lined with heat retardant polyurethane 22mm thick. This leaves an internal diameter of 3800mm at a height of 5070mm, leaving the total available cylindrical volume is just over 57.5 m2. The total mass capability for this fairing is 6700 kg.
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VII. Conclusions
Cornell's On-Orbit Aqueduct for Supply In-Situ contributes to the understanding of self-sustaining systems for storing and dispensing water resources in space. The project evaluates subsystem-level technologies in terms of system requirements and addresses integration of these technologies for such goals as propulsion and attitude control for position determination and enhanced human command interfacing for remote execution of water-dispensing functions. In addition to these enabling technologies, OASIS addresses system durability, reliability, expandability, storage capacity, and manufacturability.
Preliminary results from the completed design trade-studies and simulations using static stress analysis and modal analysis for a cylindrical OASIS module established OASIS's baseline internal and external configurations.
Additional results from our water resource loading and costing models, as well as launch systems and orbital trajectory trade studies, provide a clearer view of the system's economic feasibility.
The Executive Summary of the "Report of the President's Commission on Implementation of United States Space Exploration Policy" states:
NASA must begin not only to utilize private sector launch enterprises more systematically; its exploration architecture must systematically support private sector capabilities that will make it possible to sustain operations in space. Over time, missions to the Moon, Mars, and beyond will test various methods for finding commercial value in space, including use of in situ or space resources.
Consistent with the recommendation of the Presidential Commission, this paper confirms the practicability for inorbit supply of water resources for manned space exploration for modest cost, using high technology-readiness solutions.
